Background and objective: Finishing and polishing techniques have great importance on the long-term success and aesthetics of the composite restorations. This study aimed to investigate the effect of three finishing and polishing systems on surface roughness and color changes of four different posterior composites.
INTRODUCTION
The aesthetic appearance and lack of mercury, in addition to other distinctive properties made composite resin a favorite and popular restorative material among clinicians. There are many types of composite materials. They differ as indicated by the filler content that impacting their handling properties and physical qualities. (1) Traditional composites (macrofill) have more than 1 µm particle sizes which are difficult to be polished. Therefore, various types of composites with different filler load and size have been developed to provide smooth surface finish and improve composite strength such as microfill (particle size 0.002-0.04µm), hybrid (0.6-1.0 µm), and nanofilled (20-75 nm) . Nanofill resin composite contains only nanoscale particles that have improved surface smoothness, lower shrinkage, color stability, and superior esthetics. (2) Bulk fill composite was introduced to the market to overcome the multistep application of the 2 mm incremental conventional composites saving clinician's time and provide them with a less technique sensitive material. (3) SonicFill is a sonic-activated bulk fill restorative material. It is different from other bulk fill flowable composites in terms of how it is applied. This material is applied in only one layer up to 5 mm in thickness. The patented resin highly-filled with special modifiers reacts to sonic energy and the material rapidly flows into the cavity with sonic activation. (4) The proper finishing and polishing of dental restoratives are critical clinical procedures that enhance the esthetics and longevity of restorations. (5) The surface texture of dental materials has a major influence on plaque accumulation, discoloration, wear, and esthetical appearance of direct and indirect restorations. (6) The finishing procedure can remove excess material with particle size of more than 25 µm, whereas polishing removes particles lesser than 25 µm. (7) Many different materials and systems have been developed for the finishing and polishing of composite restorations. Tungsten carbide and finegrained diamond burs, stones, rubber burs, and abrasive latex are used in finishing procedures. Aluminum oxide and silicon carbide covered discs, strips, brushes, and polishing pads are then used for the polishing process. (8) Previous studies have shown that smoothest surface of a restoration is attained when the resin is polymerized against an appropriate matrix strip. When such a matrix is not used, polymerization of the outer layer is inhibited, resulting in a surface layer rich in resinous matrix, which has a sticker, softer consistency. (9) Since such a finish cannot be maintained, further contouring and finishing are required. (10) There is lack of enough information regarding the best method used for composite finishing and polishing. Hence, the present in vitro study was performed to evaluate the effect of different finishing and polishing systems on the surface roughness and color of composite resin. The first null hypothesis was that there was no difference between finishing and polishing systems used in this study. The second null hypothesis was that there was no difference among the composite resins in terms of surface roughness and color changes.
MATERIALS AND METHODS
Four light-cured composites (shade A3): nanohybrid, nano-fill, sonic-activated bulk-fill resinbased composite and microhybrid resin composite, were used in this study. Materials compositions, specifications and manufacturers are listed in Table 1 .
Preparation of Resin composite samples;
A total of 60 disc samples were prepared with split Teflon mold (10 mm diameter x 2 mm thickness), fifteen samples for each posterior composite materials. Each mold was slightly over-filled with composite, a clear celluloid band was placed below and over it, and it was then pressed between two glass slides. The glass was later removed and the samples with the band on it were cured using a 1,000 mW/cm 2 strength LED (Light Emitting Diode-Elipar, 3M ESPE,Germany) light source. The light output was checked using a radiometer. After curing, the clear bands were removed, the cured samples were finished with six strokes, in the same direction using 600 grit Buehler sandpaper (Lake Bluff, USA) to produce a standard rough surface. Samples were water rinsed and stored for 24 h at 37˚C in an incubator (3M, advanced tech, Cairo, Egy).
Baseline surface roughness measurements
were made for all resin composite disks using USB digital surface profile gauge, (Elcometer 224/2, Elcometer Instruments, Great Britain) and data were recorded using computer software (ElcoMaster 2, Elcometer Instruments). The cut-off value for surface roughness was 0.8 mm, and the traversing distance of the stylus was 5.0 mm. The radius of the tracing diamond tip was (2.5 µm), measuring force was 10 mN. The machine was repeatedly calibrated after each five samples to assure reliable readings. The surface profile needle was positioned perpendicular over each test specimen performing five readings in different locations of the sample surface. After the five readings, the mean surface roughness values were obtained.
Baseline color measurement were measured using a Reflective spectrophotometer (X-Rite, model RM200QC, Neu-Isenburg, Germany). The aperture size was set to 4 mm and the specimens were exactly aligned with the device. A white background was selected, and measurements were made according to the CIE L*a*b* color space relative to the CIE standard illuminant D65. The calibration of the spectrophotometer was performed before measurements of each material. Samples of each composite were randomly assigned to one of the three finishing and polishing systems used.
Finishing and Polishing procedure
The finishing and polishing systems used were: Sof-Lex discs, Astropol® and TOR VM discs. Each system compositions, specifications and manufacturers are listed in (Table 2) . 
TEGDMA: Triethylene glycol dimethacrylate, UDMA: Urethane dimethacrylate, Bis-EMA: Bisphenol-A ethoxylated dimethacrylate, Bis-GMA: Bisphenol-A glycidyl dimethacrylate, Bis-MEPP: Bisphenol 4-methacryloxypolyethoxyphenyl propane
The same low-speed hand piece at ≤ 25,000 rpm was used for all systems. The finishing and polishing procedure used consisted of repetitive strokes, ten seconds per step of the system, to prevent heat buildup and formation of grooves. A conscious effort was made to standardize the strokes, downward force, and the number of strokes for each finishing and polishing procedure. According to manufacturer's instructions, Sof-Lex™ and TOR VM were used dry whereas Astropol® used with water. All samples preparation, finishing, and polishing procedures were done by the same investigator to reduce variability.
After completing the finishing and polishing procedures, the polished resin composite discs were washed, allowed to dry, and kept in 100% humidity for 24h, then the surface roughness of the samples was measured again with the same profilometer and the values were recorded. Surface roughness was described by the arithmetic mean of the absolute ordinate values (average roughness Ra, as per ISO 4287). (11) Also, color of the samples was measured again with the same spectrophotometer. The color changes (ΔE) of the specimens were evaluated using the following formula:
Where: L* = lightness (0-100), a* = (change the color of the axis red/green) and b* = (color variation axis yellow/blue ) Statistical analysis: Data were analyzed using statistical software (SPSS, version 19). Three and two-way analysis of variance, followed by a Tukey multiple comparison test (p<0.05) was used for statistical analysis. To estimate the correlation between surface roughness and color changes, the Spearman and Pearson correlation tests were used.
RESULTS

Roughness
The mean values and standard deviations (SD) for roughness measured by average roughness (Ra=µm) recorded on all resin composite materials before and after different finishing and polishing system summarized in table (3) and graphically represented in figure (1) .
Regardless to finishing and polishing system, totally there was no significant difference between different resin composite materials as revealed by three way ANOVA (P=0.4505>0.05) where (Nanohybrid ≥ SonicFill ≥ Microhybrid ≥ Nano-fill)
Irrespective of resin composite material, totally there was no significant difference between different finishing and polishing systems as indicated by three way ANOVA (P=0.5083>0.05) where (Soflex ≥ Astropol ≥ TOR VM) All resin composite material showed statistically significant lower roughness mean values after finishing and polishing than before as proven by three way ANOVA (P=<0.0001<0.05)
Color changes
The mean values and standard deviations (SD) for color changes measured (ΔE) recorded on all resin composite materials as function of finishing and polishing system summarized in table (4) and graphically represented in figure (2) .
Regardless to finishing and polishing system, totally there was significant difference between different resin composite materials as revealed 
Correlation between surface roughness and color changes;
The Pearson's correlation coefficient (r) can range from −1 to 1, inclusive. Positive values indicate a direct correlation, negative values indicate inverse correlation, and when r is 0, there is no correlation between the factors. Additionally, r values closer to +1 or −1 indicate strong direct or inverse correlation, respectively, whereas r values further away from +1 or −1 indicate weak direct or inverse correlation, respectively.
It was found that there was direct correlation between surface roughness and color changes as indicated by Pearson linear correlation (Correlation coefficient (r) = -0.4679, r 2 =0.219 and p >0.05)
DISCUSSION
New developments in adhesive systems and the higher aesthetic prospects of patients have led to a clinically increased use of resin composites. (12) The restorative materials used in this study were selected since they have different filler load and their frequent use in the posterior region. Composite is made up of hard filler component and soft resin matrix. After polishing of restorative material, filler particles are left protruding while resin matrix remains shorter. This results into surface roughness. This can be reduced with use of an effective polishing system. (13) The primary goal of finishing is to obtain a restoration that has good contour, occlusion, healthy embrasure forms, and a smooth surface. Bacterial adhesion to the surface of composite resins and other dental restorative materials is an important factor in causes of secondary caries formation. (9, 14) With regard to this feature, plaque formation on the surface of dental restoratives may induce favorable environment for secondary caries, discoloration and/or periodontal disease occurrence. (15, 16) An increase in surface roughness may facilitate bacterial adhesion due to the increase in contact area between the material surface and bacterial cells. (17) Previous studies reported visibly rough surface with diamond burs. Some researchers claimed that better marginal seal can be obtained if polishing is postponed for 24 h. Others stated that immediate finishing and polishing can result into plastic deformation of the resin. (18) (19) (20) Sequential polishing techniques have been regularly used in dental practice to obtain restorations with a smooth surface free of interferences, thus reducing the rates of staining and consequently, color alteration of these materials. (21) Adhesive restorative materials should especially duplicate the natural tooth color. Thus, the performance of a dental restoration depends on its color matching ability and its stability. There are many approaches used to examine the surface roughness of materials such as profilometers, scanning electron microscopy (SEM) analysis and atomic force microscopy (AFM). In the present study, surface profilometer was used to check surface roughness. It has vertical resolution at um level, high speed, reliability, and cannot be damaged easily on use.
In the present study, there was no significant difference among the composite resins or the finishing and polishing system used on surface roughness, the null hypothesis was accepted. Also, it was concluded that after polishing, a smoother surface was achieved. In agreement with the results of this study, several studies have reported that composite resins showed a smoother surface after polishing. (1, 8, (22) (23) (24) (25) The surface texture property of any material results from interactions of several factors. Some of these are internal factors, such as filler (type, shape, dimension, and particle distribution), the resin matrix type, the highest obtainable degree of polymerization, and the effective bonding between the filler and the resinous matrix. (25) (26) (27) In the same way as type, size and volume of load particles vary among different composite formulations. These factors interfere in the different procedures of finishing and polishing of the material. The smaller the load particle of a composite, the easier it will be to polish, giving it greater surface smoothness and less presence of micro-failures. (28) It was reported that, Nano-fill contains both nanofillers and nanoclusters which were made of silica and silica/zirconia respectively. Nanocluster filler particles consist of loosely bound agglomerates of nano-sized filler particles. These nano-particles which form the clusters may be worn away, rather than plucking out the whole cluster particles from the resin itself. Moreover, no particle dislodging through SEM images of Nano-fill. Ultimately, the surfaces have smaller defects and better polish retention. On the other hand, the composite materials that contained glass fillers such as Nanohybrid showed rougher surfaces than Nano-fill did when both materials received polishing with the same polishing system. (8) The other external factors affecting the surface texture are related to the finishing and polishing system, such as the elasticity of the material in which the abrasives are embedded, the hardness of the abrasives, and the geometry of the instrument used. (26) Although there are several studies including the polishing systems, it could not be found which evaluated the TOR VM polishing system. As a working principle, the TOR VM is similar to the Sof-Lex finishing discs. The hardness of aluminum oxide is significantly higher than that of silicon dioxide. Aluminum oxide and diamond pastes produce smooth surfaces, whereas diamond points can produce surface scratches. (2) According to previous study, surface roughness ≥ 0.2 μm promotes greater biofilm retention, leading to an increase in recurrent caries. An increase up to 0.3 mm may be detected by the patients lips and tongue, causing discomfort. In this study, surface roughness values that contained finishing or polishing systems were >0.2 μm, which is the critical size for bacterial adhesion. (29) Color changes can be evaluated by visual and/or instrumental techniques. One of these instrumental techniques is spectrophotometry and it is superior to visual evaluation as it leaves no chance for subjective interpretation. It is able to measure the color change (ΔE) by comparing the values of before and after, according to a formula that has been reported to be a reliable technique. (4) In the present study, there was significant difference among the resins composite and among the finishing and polishing system used on color changes, the null hypothesis was rejected. This finding is in accordance with previous results. (8, 24) In the present study, Microhybrid was the highest in color change meanwhile Nanohybrid was the least among tested materials. This might be due to the omission of TEGDMA from its composition. The color alteration observed in this study may be explained by the variation between load particle size present in Microhybrid composite (0.01-3.5 μm) and by their volume (60%). Larger load particles present a different degree of degradation than that of smaller particles. Considering the direct relation between color perception and the reflection of incident light on the composite, greater the variety in particle size, greater is the scattering of light beams and higher is the color changes of the material. (30) The affinity of the resin matrix to color change can be controlled by its degree of conversion and this degree is exactly affected by the amount of unreacted monomer. Higher monomer conversion leads to low amount of unreacted monomer and better color stability. (31) Also it might be stated that the monomer ingredient of SonicFill could also be related with its higher color changes.
Concerning the color changes in esthetic restorations, three different levels were used to distinguish variations in color values: ΔE < 1, imperceptible by the human eye; 1.0 < ΔE < 3.3, appreciated only by a skilled person, clinically acceptable; and ΔE > 3.3, easily observed, not clinically acceptable. (32) In the present study, all of the resin composite groups revealed total values that were >3.3 except for nanohybrid type. Also, totally TOR VM discs the only system showed clinically accepted ΔE It was evidence from the literature that finishing and polishing procedures may influence the composite surface quality and can therefore be related to color change of the resin-based materials. In the present study, the smooth surfaces attained by polishing enhanced the color stability of the resin composite materials tested which was supported by other findings. (33) (34) (35) A strained surface of Filtek Supreme XT caused by polishing procedure is more susceptible to staining as reported. (36) Astropol might have strained the composite's surfaces during polishing process. The strain increases the activity of the atoms on the surface and facilitates accumulation of the dye. The strain of the molecular arrangement of the resin matrix may cause detachment of the filler particles from the heat-softened resin.
Within the limitations of this in vitro study the following conclusions could be drawn:
1. Surface roughness and color stability depend mainly on the material composition and secondly on the polishing procedure.
2. The effectiveness of the polishing systems was material dependent.
3. Among the material tested, Nanohybrid presented the smoothest surfaces and the least color changed material 4. The polishing systems in this study, the best system was the TOR VM discs polishing system with respect to the surface roughness and color changes values. 5. Developments in finishing and polishing systems are important for the creation of ideal restorations and are associated with the increased clinical success of dental practitioners.
Limitation of the present study; The present study is an in vitro test and there could be changes in in vivo results. In our study, sample size was less, and only three polishing systems were examined. There is a need of further research to check other polishing systems with larger samples size
